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(54) MAGNETIC RECORDING MEDIUM AND 

MAGNETIC RECORDING-REPRODUCING DEVICE 

. (57) Abstract 

PURPOSE' To obiain a magnetic recording medium 
having superior low noise characteristics at the, lime of 
magnetic recording and reproduction and til tor 
ultrahigh density recording. 

CONSTITUTION: When an underlayer 2. a magnetic film 
3 and a protective layer 4 are laminated on a 
nonmagnetic substrate 1 to obtain a magnetic recording 
medium, an ion implanted region 5 is formed in at least 
one among the underlayer 2, the magnetic film 3 and the 
protective layer 4. The region 5 is. formed in concentric 
circles or in a spiral shape or tr is radially formed 
from the center toward the periphery. The magnetic film 
3 may be formed as a mullilayered film consisting of 
magneto layers laminated with a nonmagnetic middle 
layer in-between and an ion implanted region may be 
formed in the entire surface of at least one layer of 
the multflayered film. The crystal orientation or 
magnetic anisotropy of the magnetic film or the 
interaction between magnetic particles con be controlled 
without forming a texture groove on the substrate. 
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fi. T%J8XllSJfflKO 5 < fc l oogftSh. 
&©«tW*>}Tiii^ig«2S:}BfieLfcr fc ^mtk-fi 

e> ^tti? a> 5 c t &m k nros 1 x«s 2 sa«© 

2KfcOBtaffi®j£fc 0 

tc-r * >JT5i^!B«iiS:^dt Lfc ; k **?»fc1-*8£S5f2 

e. *a^-c* 5:i sr^ia fc r 5 6 ?s#©E«a 

[W*S8] il5f2W±xffii*##ttCr, Mo, 
V, T a . Pi, Si, B, I r. W. Hf, Nb. R 
u. Ti, 0. Ar. Kr, X e 7C5&<B<P frbmtthZ 

fct> lm&^nTcmi^/uX-tsizktm&k 
i-ttxis 1 ~ 7 w-nit* 1 JSss&weaje&aEtt. 

IM*«9] BtffEfllttKfiC 0 $:£j5£#fc L. ijxtd 
Cr, Fc, Mo. V. Ta. P t, Si. B. Ir, 
W. Hf. Nb. Ti, Ni. C o 0&tf&±So£jfcflD 

f f*»e.S(iKo'>>i< k t> 1 assossRxrtfb^S:^ 

[S»*« 1 1 J guS5TiBJgXV#«l&S# C r , V, 
W, Mo. Pt, Pd. Si. Ge, Ba>b3rm*:'> 
%< k t lffffi&*trtm. Xttztr.&&tr£&imi> 



(2) WHHP8-1 2 9 7 3 8 

aXtt*ftJW!5ttt.* r fc «WS41-5.a*« 2 . 
5, 6Xtt7ffifc©K§lE&iSfc. 
. [»*3l3] 85ffi#a*ttJijJiT i , R U . Coii 
fi£#fcU iitlCCo. Ti. Ru. Hf. Ta. C 
r, V, W, Mo, Pt. Pd. Si, Ge, BA>feS 
Ifh1t'p'i< fct> l8ffi££tr*;!rSSffi«®Xf±#S$t 
«it © WW & 4 5 r fc fc t i n«9 1 2 ffifS© 

2. 5. 6Xtt7ffi«<&B£l3ft&fc„ 
I3T*«1SJ 8DETi6SXU0TO4«iJCo, T 
i. Ru, Hf. Ta, Cr, V, W, Mo. Pt. P 
d. Si. Ge. Bt>t>mt£h1t&t£< fct>lSffi*-3- 
tf*T*k XKZtii:-£tr&ktmt>t>tt&-k&¥mk 

ttratfUfr&frHNaff 2BttRft4>fe< fc 1 2« 

*>5»'SiO. «fnB^lSttKXV3B2«j£Ro8tfkS5a 
iS5fiffif*9*|6)icEl«J LTi'5:i fcftfg fc * SfjJjftS 
2. 5, 6X(17BBOBKKKMms. 
ISMW 1 7 ] tR15$ i fiH4R(&efl2&fiWfc*t 

* i Sr«i»fc 1 6 Sffi«0««IS®iEfr. 

[ar *s i a ] atiaut^KasKiciEV'flos 1 m 

1£RKCItSttA»&iib«M«>9l2aHfiRo«>«< fct2« 
rt7gEWroffi«ESkiSEI^ 

ttK&t/SfijJ»^ai'"KJOU2eSttEtf5^//< fc 2J8 
*»e»<f9. SuS2JBlffi't±JKSV?g2JBSIK*S£«ElcS 
K*«fl««*»«rfli-* C fc fc fttt fc t-5 3S*^ 2 . 
.5. 6Xli7lS|6«OBtSvK®jSC«c. 

»««ES48»fc. l^ffi£Kg«ettlzBS[fiffa£Bgk 
»4t5fc»OB«^3'Kfc. WfSffi«i2®^*fcWffi 

*><r>79***-9 k Z^ttl fc trffttfctfiBSteA 
1 0 0 0 1 ] 

5. 

[0 0 0 2] 
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S«iS««rE^C*#*b*5*^lc:BtfkL-CB 

[0 0 0 3] SEBfiEftfrStt, &®&fc®tw 
SE*fl£, *»oB*5iBfikiry s^sv^cgapfTJcft 

BLTfiEOB#T©RBJM«/hS^fcft, Jfe$ftftffi®. 
BK#«/tSix, S£gB&E®Q#Aft*&z>-oT 
ifo5o SABaE^SBBSK^ttttoB&aJ: L 
Ttt, Co-Cr, Co-Ni, Co-V, Co-Mo 
*tf©Co»fcJM&WHV*&K 4>rt>Co-Cr«r 
i^ir-fS-^&lCTa. Pt, Mo. Ru, Re. F 
e. Rh. O^fc^atfc^&tf/a^ipftTV^, C 

r Ofg&O) c flk < 0 0 1 >#ffifcB<tS**W«fc*. 

[ooo4] irt«a£^it Nip&gtufcAi 

ffift&ST'Wt. fi5o£C o £&Bffi&f B tO c tt&S&S* 
fcffiEfilt*s&5#fc0. COI««>6itWE5tt±c* 
•tic* (b c c) »*»5E©C r*OT*Jlfc»J*t, 
-«>±«c±fflc o^4BttjWHr»jaE1-5*ffe#«|E* 

IixtE5^5*flT*«5B«**ttfeftHnt« 
[0 0 0 5] BEBSEftBfctt. N i P&JSLfcA 1 

#«K± icffi&o c o £-&PNK£ JB£ L T JB 6 *i* . 
SESaft-Ctt, «35£®Lfc££<7Dffi^&£^#£ffl 

jd. iljaaco^&Bttj|SA(Oc|liife54EBfcaElciSE 

0rrs«#*>8. c©Btt*^i»aatt±K:T iftf 

Oh c p«i£oTJfiS, XfSSi, G e ft if o&B, HT 

tc. fiuffic o£ftBtt*R0TWfc/<— ^a^ft^oft 
«tt*WWB«r»#fi#i&ft* IEEE Trans. Magne tics, 
HAG-IS. 1456(1979)0 J: 4BBBJ5E 

S (Perpendicular Magnetic Recording with Coroposit 
e Anisotropy Film)" fc«r*BXlCJM6SiVO*$, 
(0 0 0 6] ff4^*C*l*a««:/*XttEBBEG> 
>JE3f (B{b3»««} ott&rafttfsrtABoBEtt 



PaoB«tt41BSfl£fli $ ^BSC&^tS o#ftft if is 

TV^*jSttTli, (1) CoCrX^O^Bit 
C r 4r»fitt#KflSf e*XBtttt-f BSOBattttEfp 
flSr^S<-T5*a. (2) X'<y*9y?#xv£fi 

Tft<* R»^ti3V^TtBtttt-T-|ll]ottSfl5«^/j% 

$ < +5*fe W^tf C oCr JR^ABttRdDHkC r 

©J:3ft»Bttt|!Bfll«:aitS*tt#a3R$ftxv^«, 
[0 0 0 7] 

Li 5 t1-8»«] »Gb/i n*&Lb<D 

aiBteBBSKiaffiea-cn. ttffcfcBS'^KH®*'* 

<, IS*iBa-N^'KBi]iO^-<--i/>^+»Si£+5 
rfcjftsB«K:ft!K »ff«lc«*tBJ5^y KtfSBBL 
T&a^IKBirft©. 

[0 0 0 8] Sfc. ttfc/^X«B0fca&fc3UcBttH 
©BBJC#BtttHJR«rttWfcB^ |S?C/?£?>l&«Btt 
KICfc^T&BAtfftTL, J8ffBBEft^eBt$h 

7 1 * * ? ViB S: SdSr 5 w fc ft < Bft KlcBSvK ft X 

2<oittte, 5*E-blc:»«^5BttHojSfiElSj^B« 
S^tt. fc5t^ttBtte-T-B©ft£^fflfejH«H-8ri: 

icj:-pt, Ba!Ea»SLfct#wvfcfi/^xifttft 

LBSCftE&lc^ftBSKttB^frjitt^s c £ 
[000 9] 

[$J®£#fcr5fc*(0*&] *BHK*si*-ctt 1 *B 
tt^±lcBf!Wo«iM«aoT««^ffiSL, ^O 
iJClBBJbOBttR, (K3Jlfr»j£LTft«BSfiA 
B*fc*si*T, SC. T&S. AtfBttR0 3^ft< 

10 0 1 0] *BMt*J^Ttt, ^Btt5fi±ic 

JlL-cftsBjaasawcfev^, *±Jist^w^ft< 

wtKli!?fjS^2Og6fl$:gfitto 0 Affile -T^yfT 
L feaftE^^ ^B^Scoa^ $ hit 

fl-JBBfcfi* p SWttlc^f *>fir*>ii*B*S:»riE Lr 
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[0 0 11] 4±>n%2&&%\cfth&tf<(*^& % 
Cr, Mo. V, Ta, P t, Si, 8. .1 r ( W, H 
f. Nb. Ru, Ti, O, Ar. Kr. Xt^n? 
*S>atfh5'J>4< fct lSg&±<OS»£-f5wi:# 

Rtt. Co£±j£#fc U ChCCr, Fe, Mo. 
V, Ta, Pt, Si, B, I r, W. Hi. Nb, T 

(0 0 12] OKB&ttfcSAttrt. £ffi®tc*tLT¥ 
l /S fc 9 2 ffGlKtoaMtB^Bf bSA Ife^S&flB lc# U 

*6JiXtt#Btt« SriSRi-a Ctizio TttSKMflp-C 
S5>lc]|WB*JIBHSKfcj3if^. 3!lSfc£2Ji 

[0 0 13] «S«WP/BOTttil&V»Kttfitt. CO . 

tftt*. WitfCr,- V, W, Mo, Pt, Pd, S 
i . C e . B i*b&\HMt<J>t£ < fc 1 HRfei&tPffi'L' 

S^ttCo. Ti, Ru, Hf, Ta, Cr, V, W, . 
Mo. Pt, Pd, Si, Ge, B3&»£&tfiT,fc'>;£< 
fct>iaWfe«tf^*«C»^«3S. X»*#ffi5f«l£o 

10 0 14] 

Ittffl] (hep) «5t^C oS^&H-e 

^S. H*.tfCr ❖ftftifOfMrttJWW- (bee)* 

&&»K«rffi^*CfcfcJ:tK W-Otm*JBv*fc»R 



PATENT OFFICE No. 65 1 7 P. 40 



(4) #§8^8- 1 2 9 7 3 8 

(0 0 15] -f ^yfT^ii^tt, *r*>a**vfc««ic» 

*fsjxi44fe*t*ic-f *>?r^a*«*«:a»t 5 c 1 1 jt 
[0016] ttEBttRit. wwMfcfrLTMica 

6 fc* 1 19 S 0B1^O±£#Bttff *4h LTg 2 JB B 
H*©Btffl*»*+Sfc»LT. N&ftlJBBttBtt 

Ko±B*-BSIB^^->JT*>Si*ffi«*«sEL. ::<0_tfc 
#Bffl»*:fr UTS 2 ff B £LBoBSBKr»j£-r 5 w fc 

^S^EfSj 1 £ § <0«t4K^EfRl fc SCft LTJg/fcf- 
*ifc#T*5. w^Cj:9^1J|gm»fcj|2j| 

s»i«otti^oiiHK««e^a»6rfc^T«. 

£fc#BttS$:^ LT& 1 BttBd'bS 2 fltttR£lK6 
x \£9 * /i>tt fcj£ ft £ *feM8ttlKMMEK:tt^-c 

[0 0 17] 4fc. BrtElfi4*fcT*©Bffil^±aB 
ic-f *ySrfI*>5i*, ^OJilc^AElRlM^^^fiEtt 
JBS:^LTBttai«:a«1-*Cfc^J:0, 
OttfiErtItt«:ttAta«l , t5wfc#-C*5. CtO^fe 

SJcfPS[1-SCfci5pjggfc/ <t 5 fl 
[00 1 8] 

BOBWl] 5E*L^^7^£tSl5r^^y^i;>/3S 
HJCRBL, 2 x i o-'To t r OJtgfiSTg^U 

®ffifcUT®:$5 0 nmOTJttJB2 5r^5SLfc 0 ICT 
f*C r SrTifi« 2 fc LrflV^fcWcaWt*^, C r 5: 
i£E»fcLTCn(;V t W, Mo, P t. Pd. S i. 
Gc, B. Ru. Hf, I t, Rc, Ti. Ta, Zr 
ft£O7c££0-2 0 a t%OISH"Caai0L-Cfl^5^ 
fcfc^ISfCfeoo XiBlalfftt-caiJ^Lfcfci-S, ±KT 
KW2tt*ia»8t (b c c) *»fc#U *Oj5tfi 
*tili< 1 1 0 H L < tt<'l 0 0 >*fit*o t, C 
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B 4 t LT&JS 1 0 n ™<7>*-&>miBi8L Lfco 
(0 0 19] *H26««J-Ctt, -f*>}T*»ii*Oj»*tSJ 

l (a) KKB5KB4:3*-f J:5fc, Sffiico&EK02 

£BS*AT?ib5, 2o*co&#fi. Bl (b) lc*r©& 

iSJB 2 <0£®irB 2 0?r t < H&WttSM' 
«*5Sr*jiU ^<0±\Z&teM3. StA»S«4<Dflg 
Wt&£Lfctt#B-efc5. 3o^eDlSC*tt* HI (c) 
fctfE«Bfe5W-J:5K. 5«l±tcTifl®2, 
3S:»dtLfc«, «6ttiB3 0«ffi«CH2«5cri:<H^n 

[0 0 2 0J B2lc*Lfc-frf->|T%Si*«»Ktt. Stfg 
0. 1-1 nmfciRaELfc^^vtr— A*±EP9«*fl!) 



gto^n^-r^vfr^i^fflKRitDWSifio. 2 

L < ttBfccOE&ggfcaig-f * r k \z £ o T$!l8?°rfi6 
"CfcSo *SJ6«T-tt, flOiglEE 1 0 0 V- 3 0 k V, 
C-.MBflll M A-l 0raAO?5a"C||»$-tT-pfc. AO 

sbs^s 0 0 vaTTi4-<*viT*ja*.©a*as^/j: 
[0021] sue ff%a*-f*>tuTB-<*yfc 

#<0RE#r°]O«BW>Hc (6) t^*fRjO«ffi*H 
c (R) T*t. tt&K3tt. Co *£j£#4U. Zii 
ICCr, Fe, Mo, V, Ta, Pt, Si, B, 1 
r . W. Hf, N.b . Ti, Ni, Co OXtf#±£5c 

Tt % ::TliCoCr l( Ta (1 CoCr M Pt 11( 
WCoCr tt P t l2 Ta 6 £J8v\ j&J?2 0nmi L 

[00 2 2] 
[311] 





CoCruTai - 


CoCrnPti2 


CoCrtsPLuTai 


He (fl) 


He (R) 


He (9) 


He (R) 


flc (0) 


He (R) 


* * A 


I860 Oe 


1720 Oc 


3270 Oe 


3020 0e 


2660 Oe 


2640 Oe 


fitt ft B 


1930 


1610 


3450 


2880 


2930 


2440 


ft {* C 


1950 


1570 


3470 


2790 


2960 


2350 


Jt#tt<* 


1625 


1620 


3120 


3100 


2560 


2S40 



[0 0 2 3] *l*»feH5>a»ftX5C, Sfc Tlfi«X 

*-Vfi£LTI±, BH*Klfc % Cr, Mo, 
V, Ta, Pt, Si, 8, Ir, W, Hf, Nb. R 
u. Ti, Ga. O, Ar. Kr. XcftifOJES. X 

*-f*>*iUT2agl±05c**«v^*&Ctt, * 
[0 024] CHJSft)2] Sttflffl tH«fl9^<y^rp 
MMBBOfcfcfcffeaiLfc. low. Hi 



#AA-Cfc5. 2oft0fltfttt % Bl (b) lc#r®8&@ 
J: 5 ic, JSai±tT*Wi2fe}BfiKLfca, Tifi 

jb 2 oastcs 3 or t < awftftic-r ^^fj^a^a* 

SfcSMEU *«±C«tR3at«StS|Ji4%«*Lfc 
&#BBTfc5 0 3 0ftt>08E«:tt, 01 ( c ) tC#r®B& 
BfcSWJt 5 ic. fflSi±tT*B2, «ttJR3fr»j£ 
Lfc«, «ffiH3©«ffitB3ori: <Jfc«ttt-f^y 
J7*)a*fiR*5S:«jfiL. CO±K:«BJi4frJBiiEL& 

[002 5] B3K*Lfc-f*^fr^a*«*5tt, » 
♦SO. l-^l j/m(CiR3RLfc-f *y^-Afe±EB«« 
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[00 2 6] 82IJ, Lf£«l KigJPftN i P 

tt«A 1 gfifc^. T«B/B2i:LTCr-l 5 a t% 
Ti 5:5 0 nmIS, &WR3 t LTHJSSill t0«OC 



oCr„Ta,, CoCr a Pt„, RtfCoCr M P 
tuTa,tK^2 0nm^L. -T frV-Sfc LTC a 

[0 0 2 7] 
[352] 





CoCfi,Ta fl 


CoCrtiFin 


C&CrioFlnTai 


He (9) 


fic (R) 


Kc (S) 


He CR) 


He (fl) 


flc CR) 


«*AA 


1730 Oe 


1370 Oe 


3010 Oe 


3260 Oe 


2650 Oe 


2870 Oe 


t*#BB 


1620 


1935 


2870 


3440 


2430 


2920 


*#CC 


1580 


1940 


2780 


3460 


2370 


2970 




1640 


1630 


3025 


3010 


2540 


2530 



[0028] s2a»&W5>jMitJ:5K:, mmx, TW 

v^SffSrffl^T. B4 ( a ) ^-r«fc5lw. #©t£JI 

fco ffi»D^J!i:^fcoT!i, &¥ft$mi1tK i P 
&«Alg«ioJh(c, flH£K«>«iS«9MOTiUi2 
fcLTCr-1 5 a t %T i £&T*J§2£JKJ§C5 0 n 

tt. b c cflJitfc^U (10 0) BjtfSEBfcjRrK 
EfiTLT^fc. -«T««2O«Bk:*SI6 5nmfi0-f 

fr^frt&^awcs*, B2^rt<iSifcB*tic»j4L 

fc, - OTitfjS 2 <D±l,z& l 3 1 t 1 5 

nm«DCoCr lfl Pt„^MMU SP^TT** 
tfpJCI&ifcOC r-1 5 a t %T i &&&ti*btt*Bn. 
2 nm<D#BttJB6«r»JjEUfc 8 Sl^gc^T, #E£ffig 
6 0±t3B2SHHS3 2 t UT* I BteJK3 1 iHtft 

C o C r „ P , t n^&BliBBt 1 5 n mfi£/$ L lt 0 
Si, #2Btt^U9HEttjlF*. TJWl±(rx^^ 

[0 0 3 0] tt*Ofc«C. B4 (b) ^r^ J <, TiS 
S2 0gBlr^3f-vf7t 3 3i^®«&»/S^i", #©|&S 
6^t*C»ttRSr2JBa/BUfcJBE*EfrffHLfc, ~ 
©«B»tt, T*S«2, aiBttJR3 1. #Bte*6. SE 

2 ffitt® 3 2 % Aiffts* 4 mmtun. m 1 1 1 h 

B (a) iBCCLt, »u 3S2BttR&tf#B£# 

(00 3 1 ] 3Ec*to>fc»K:. S^r&^atfcN i p 
Its A 1 Sffi 1 o±t, BttEo«38aH»ffiOT16* 2 
tUTC r-1 5 a t%T i ^£7i&5 2 S 0 n 



n«tfU wO±lZP3B (a) , (b) ICfctt*SBl« 
ttK £ H CIBA^ C o C r u P t & 4 5"JH— 

H*>B«R3 l*r»jj)&U -0±(CKi5i o nm(D*- 
#>«WB4Sr»j*Lfc«*F«:fWtfc, B£JK3 1 
tt* T*Ji20±Jc'*tf^*vt/VWlCdlfiUTV^ - 
[0 0 3 2] S31C, ±l53aS^<SE^D f E, F«Dft 

ta*28#£2 0 k F C I (fCI:Flux Change per Inc 
h) , lOOkFC IRV2 5 O k FC I \X ft v 

[0 0 3 3] 
-1*3] 





H*D 


Jt»E 




He (0) Oe 


■2890 


2850 


2910 


He (R) Oe 


2410 


2840 


2915 




20 kPCI 


0.5 


0.8 


1.5 


LOO kPCI 


1.1 


i.e 


2,7 


SO kPCI 


2.3 


3.2 


4.5 



[oo3 4] R3i»e,we>*»*j:5ic, »*on®s-fSj 
JS£iaw«B*ff*;si\ t^b**oRja*-ifi»cB«W4 

[0 0 3 5] C I -CliSttS^ 2/2c0^5r^J(C^^ U 
fc#. BBR&3Bn±lw#B{i:LTt>aBAarA4>ft 
fcftfce *fc, *BttJi6tUTtt, Cr, V, W, M 
o, Pi, Pd, S. i, Ge, B^&3tfJx&^%< t 
t> lSSOtffiSrStf, bec, f c cXI±»fig«2fi 

[0 0 3 6] (^«J4) HKWi iHBO^/<y^j 
^/gfii^ffiVxT, 0 5 (a) KlWrBSBt^i-^BR 



2002*108188 16*i11ft ITOH INTERNATIONAL PATENT OFFICE 



No. 6517 P. 43 



2. m&l Snm©5lBttR3 1 *r«g&j&£Lfc. ft 

St4. Cr, Mo. V, Tj, Pt, Si. B, !r, 
W, Hf, Nb, Ru, Ti. O. Ar. Kr, Xe/i 
ffcE^SCfcjJS-Ct*. rz-Clil k e V.I-JogLJ?: 
A r f*V=&Sg lffiffiBn l 0*H±«CJSIf Ufc. «6 
i ©>f *>J$#« 5 5 0±JCES 2 n mO^&fflg 
6, KJ51 5 nm0?352ffitte3 2&tffl»¥l OnmO 

[0 0 3 7] :;t=li Tlfe«2i:LTCr-10a t 
%V£&»Jg£, %lW&m ltLtCoCrJa 
3?2ffl$R3 2tUCoCr !) Pt 1 , 
St,|^Ba4i86irL-CTia«2t(31C.C 
t - 1 0 a t %V^&»K?rffli,x/t^|icJ: 9 

W^fcH*, SlSttR3 lttTi6/82 0±.ICJcE-5^ 
e s-YA>tf)lZ&0> LXH V . £ fc£ 2 ffifflffi 3 2 f±#«<£ 

3h,fc„ La»U 3?lKttK3 l<Z»»ffigeP u fc82ffitt. 

[0 0 38] KsK^tUr, mfao>A'<y9y v^gfi 
4rflv*T, 0 5 (b) tRB«sat*+J:5i=. #7* 
Sfi'l OillJRjy 5 0 nm^WigtJ^ffiOC r - 1 0 a 
t%V£&TJfc»2. KJ51 5nm©CoCr ie Ta, 

1 0 a t % V-g-:fe#B£g 6 . BW l S n in©C o C"t 
» P tu^»Ka»fefcSaS2KttfiS3 2&T7KJ51 0 

©SStttHfcffrifcLfc,, r^KtfHSrX^El^ftet-SiS^; 
fl«!WW=J:9B-<fcft*.'»iaeRa 1. 3S26£tt 
153 2l±#Btt«6fc#LTT16Jf 2<3_hU:xfc , ?:*$' 
•TA'WKjafiLTJSt?. $fctCPJ©ttlB?3 1, 32<B« 

itV -f XOff ft^ttHfUSBeS 20 kFCI, 10 
0 k F C I RV2 5 0 k FC I fcol^TffofclS*** 
-f. 

[0 0 3 9] 
(£4] 



< 7 > #§§¥8-1 2 9 7 3 8 





mc 




Hc-CS) Oc 


2870 


2890 


He (R) Oc 


2880 


2875 


Jto 

X« 


20 IcPCf 


0.3 


0.9 


100 kFCI 


0.9 


1.7 


250 kfCI 


1.8 


3.1 



[0 0 4 0] »4a»e>W?,A»ttJ:5C. 3HSttKt# 

W*A-et,B»4J:5C*lC«jgLLS:a#o.tt. B£ 

ttttB»3Jl£U:K:M<tLTfc 

[0 0 4 1] CSJSfiaj 5 J 4 i ^«©^/<5- * l) 

7^Sfil(D±lCCr-l Oa t % V 3 
flgj? 5 0 n mOflfigiHWBOTJelS 2 £Jg# Ufc. 'jfcl^ 

-AfrBItU SSJ^imO^Vflrfe&WMes 

®2©rt<l3£«PWi:Ji?fifcLfc. £©TJW±ls 
$ 1 BittE 3 1 £ LXm 1 5 a mO C o C r „T a t 
££*K*8jitLfc. *t. w©mn8ttK3 i©£E 

5 5SrJgfifcLfc. 'T*>ai±, lkcVtJMSLfcAr 

w ©W ^VBWttf 5 S ©±ldE£ 2 n d9 C r - 1 0 a 
t%V£&3B&*>fe£5#fcj<|jg 6< CoCrj.Pt,, 
£ft*Ki6»&*3EJPl 5 nm©^2S<4iK3 2&ITE 
9 1 0 n m0D*-*V«Si| 4 fcJK*>1g£ Ufc. 
[0 0 4 2] Jt«e<OfcJ0IC. 5fil, T*S£2, 
SR3 1, 5B2B2ttE3 2. #Effli6, RUJ±yf& 
»05'5©tttt48W**Bi;fc»SL"C. B5 .(■) 
4 @ £»#©«&£ jfcffcfcLfc. 851:, IufE2®E© 
ffifcl. JAtfBS (b).«Cfi»Lfc«#HOfiW*t. 

Lfe t f ©S4> -f ^WftStmttSSrJSRS^ 
ffZOkFCI. lO0kFCIfiU!25OkFCIi: 

[00 4 3] 
[*6] 
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WW I 


Vk& J 




He {$) Oe 


2890 


2870 


2890 


He (R) Oe 


2475 


2880 


2375 


-f» 
Xffi 


20 mi 


0.3 


0,3 


0.9 


100 MCI 


0.8 


0.9 


1.7 


250 kPCi 


1.6 


1.8 


3.1 



[0 0 44J «5*»e>«M*4i5K: % SlSHtHfc* 

»aas4»tt(c*?*t a / ^ x0fi*ste«>ta^<*Hfctfc 

mt LX t ISltROSbAtf *i6 r fc «fcB Lfc. 
(0 0 4 5] 3MKW1 fcH«©x/«sr^y 

^SBSrJS^T. 0 7 (a) \zmm»Bi:^tMm 
«BBB3toft»K«:fHBLfc. KffKwf^lUcafeot - 

TiSJg2£tfth c pWigcOT i - 1 0 a t %C r-§* 
ftWKtfflv^fctf, Co, Ti, Ru. Hi, Ta,C 
r, V, W, Mo, Pt ( Pd. Si, Gc ( 
imfc^ft < fc * 1 fflSSr^tf l < Ji# 

fcLTfl, Coftidc»i:1-*hcp*56©Co5*4 
MB*JHl\ *3IJ6MT-ttC oCr 18 Ta, £-&»R£ 

fc. -f*>18lwf±, Cr, Mo. V, Ta, Pt. S 
ii B . I r , W, H f , Nb, Ru, T i , O, A 

r, Kr, xefceffeflv^riifls-esa. 

0. 5keV(cS0iiLfcKr^^->4^lKffiff3 3^ 

[0 0 4 6] m^X, CO-f^>H«J|5 5«D±KBW 
2nmO*8ffii6, Big 5 0 nm<3& 2«Sffi&3 4& 

«tt*6tUTtt. Co. Ti, Ru, Hf. Ta, C 
r, V, W, Mo, Pi, Pd, Si. Ge, BA>*>a 
fittufc** < fc fc i S£fe«&*;£flI0ffl& t L < 
AK«BiO»»Sr«t^5 # ZZVtt* hcpftg^Ti 
-10a t56Cr*ftflHB*ffl^fc«^J:5aM+5. 
%2«feK3 4fi* SlttttK3 3fcAtt5&j£0*m 



ft) ^88^8^1 2 9 7 3 3 

«rfl^5wfc#T-£5*«* ::"CttSl KSBJ3 3 fcPl 
U C o C r 18 T a 6 ^»K^^VNfc^]tc i 9 ffi^-f 

too47] xffl3Vt&^m#mm<o&&ttjmgi& 

»CO*££, SlBttK3 3ttTifiJl2 0±fc % g2&£ 
Aft LTfc 9 , hep «i£4>$ 1 ftt/» 2SttK^«(k 
4 fc r Ko¥B#fc;!>> & OSiSS^S»^as 

(0 0 4 8] ttKOfcfcfc. 07 (b) ^rt <. #7 
*S«10±efflHC3 0 nmOjB3B«ai«^)T*Ji2. 
&i?S 0nm^l^SK3 3, BS# 2 n mO#ffl&g 
6, J5J?5 0nm(O£2ffiteK3 4&U<K/5l OnmO 

^#)^/£tt±l£tf>8E#K fc B £ Lfc 0 
[0 0 4 9] C^K^LO«5t$rX»lH3Sf^jSE*Wa5 

©aa*-f-Ka««sic ± 5 BMaasa. ai 1 3 

3 fc 9 2 8H£H 3 4 tt, m&te® 6 £^ LTTJfiS 2 (O 
■ ±\z=V#**/+frtb\z)s&\,X&*> % hcpft$®« 

SaES<0*S*, »l«ttft3 3fcSS28ttR3"4f4, IE 

[0 0 5 0] %.\ZttMcot:&\Z s 07(c) fl>rfc < , 
#7 1 OizlcKff 3 0 n mOfllSf J^toTifiS 
2£?&£U w*0±^JBBSl 0 0 nmOEffiS3 3&tf 
Bffl 0nmO*-rs«>(SaJi4S:IB»c}P/dJLfc*Ji<0 

8uaa#K^*BHtifcpac*mt«t\ stfisti. k 

ffiffi»:KtCAJ(toSJ 1 «1±jSfc S C C o C r iS T a 6 f 

[oosij. z(D&ftM<omi&£xm\Bftfc*m&wim 

TiM20iCxt , ^*^ 1r ^«Cj S |ftLT*59, he 
pft&0BH£K3 3<0«fb»*ttOcttf4S«BfcSii: 
IcEflUT^fc, ^6{^ ±«3«©«f»:K,,L 1 M 
^JKB*iE*rfil©«KAH c (fiiS) fc, ^^12^(7)^ 
*8fi3. S.U : K^^Lfcfc»ol|^y-<XO?i^Jt 
«?r^f£®SS 2 0 k F C 1 , 100kFClSU I 25 
0 k FC I iCOV^Tffofcjg^S:^ 

[0 0 5 2] 
[56] 



2oo2$iofii8e mm 
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H c (£8) Oe 


I03U 


1Q1A 




Oe 


15-32 


26-47 


35-56 


xa 


20 kFCI 


0.5 


0.8 


1.5 


400 kFCI 


0.9 


1.3 


2.3 


250 m\ 


LI 


1,8 


2.8 ' 



(0 0 5 3] &6ti>b®bti>k£?{Z s %l&ffi&£fr 

^fcWt:Lfc^{as:ih^X5£r/js$< -emetic 
mz^tfctK mMZ3l$&Jz\Z&gi1tLXhR& 

^&S$r/8v^C\ W8 (a) tc#rffi*&®*7Fl-#/iB£ 

ft, #7*Sfil JilCjJgJSS 0 r\m^&igffiJ39fficOTifi 
*2, KWl 5nmCOSlffi4JK3 l^flg^^ELt, 
TiiMi?2ICttC r- I 5 a t%T i £*&Tifi$ 2 
*:<> C^TSfiiSflb c c«i££rWU (1 0 0) 

m3 1 co^Eiz-^i^jst^so-r blasts 5 5 «g 

jfiL/c* ^r^>®twl± % Cr, Mo. V, Ta, Pt, 
Si. B, I r, W, Hf. Nb, Ru, Ti, O, A 
,r, Kr. Xe*£i%l<-ZZkttT:$Z 0 ZZXK 
0. 5 k e Vicao^tfcA r -f*>%mi&#m3 lO 

loos.5] itt^r, z(o<< * y mitts ss<o±\zm& 

ZnmO#8&Me % ®£7 0 n mO$2ffifiK3 4& 
WRS1 0nmo*-*y(»g0B4SrJHR»jaELte # # 
«tt«6fcUTtt. Co, Ti, Ru, Hf, Ta. C 
r, V, W ( Mo. Pt, Pd, Si, Ge, BA>t>3 

fofiflliiSOtffflrfllV**. w^TH, h o pflfcgOT i 
-10a t%Ru'&ftSKS:/8V>fc. &2ffl4l83 4fc 
tt, CoCr,|Pt B Ta s "*4R^fc, 
[0 0 5 6] X*Elff je&ff^B^^«^{K|||l 

ST-B**fc t r 4, JbffiWKiiJI 6 tt h c p «igO c $6 
* J KfiECSH*|Si(c:|fe(S|t'C*Ji9, fi5S£&2Jg<£K3 



(9) #91^8 - 1 2 9 7 3 8 

[0 0 5 7J lt*Ot»fc, 08 (b) <ori:<, g£ 
l-btCh c pffla£<OT i - 1 0 a t %R u<&&ftBj*>& 

ruTaa*ft?WB*»b4«KJH 5 nmO®l©1£R 
3 3. T i — I 0 a t %R u-&AfBB3»»645BW2 n 

m<0fflZ®J§B. CoCr„P t u Ta 5 ££|*H»»e>. 

45JBWBW7 0 nm^2«B)ffl3 4&tfffiJ?l 0 n 

Si 2 8£ffi& 3 4 *S#Bttff 6 ZftlTjm 2 <D±{Zx. 
tf^*^+/u«lc«fiLT»!>, 8li*&R3 3t>£2 
ffiffi&3 4 tfl£ftSA«tttRESlE#Al(£EAUT^ 
fc. 

[0 0 5 8] S&fcttaROfcftC, 138 (c) or* 
<, Bttl±fch c p#figtOT i -1 0 a tWu^ 
WStt»6fc5KJ55 0 nm0T*W2«&EfcU C10± 
(CC o C r H T a a *&»KA»bi SHIJ 7 0 n 
ttK3 3, fit^BiSl 0nmO*-^VfeSi544:iK* 

fc. 

(0 0 5 9] &7\z. ±.&<o3mm<o&tiw t 0. p<*> 

ffiESSC^fRjcofea^H c (ftffi) fc, &ffi®£gl0 
0 k F C I ICfctf 5S£fflA <tt*jIfi*>«EK:Tfl» 
tttt) . »t«»S4Ufci:tOS£/-f Xfl>ft#ffiit 
»t#f5@«g2 0 k FC I s lOOkFCI JfctK 2 5 
OkFC I KloV*T!Tofc»*fe*+ t 

[0 0 6 0] 

(«7J 











He («) Oe 


1890 


1910 


1895 




' 35 


15 


10 




20 kFCI 


0.4 


0.7 


1-4 


100 kPCI 


0.8 


1.3 


2.2 


250 kPCI 


1.0 


1.7 


2.6 



[0 0 6 1 ] *7 4»&«&i»4J;5C Slttttffj:^ 

3*, 3?2«ffiK^lSfl:^S4S5:KiBSiS^rS3lcE^L 

®j t iz&fgm&ito^ftmmmft p * t'^^ejK* 

nmscit* XZ{&<D&&f&mzit*<x*Z <x$Zit 
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(10) 



8-1 29738 



[0062] &mm8) 09ic. zmwifrtaTnm 

*9 6 1 Ht. *-*lc,fc 9 lslte?ft{*&AK:J: 
^aJLOSSiftgvfa^iilf-fl^^v K6 2jJ5ES$ 

i*W^3W/W*~^6 4I=J:!7$IJ«I1-S. SfeK-ft 
&*SW-5fc»K:fB®i?&lEJg&6 5, ttgft»iiiK6 
6. •o^-7x-A*j«iia»6 7asis:ite>ivc^.5. 

[0 0 6 3] 
[BBeff|L&ftM] 

[01] ^^irfei^wstiftrt&flKBttKifca- 



0. 

[S3 J -Y.*>fffe&*W&tteoteQ£&flO&9! 



[04] 
[0 5] 
[06] 
[07] 
108) 
[09] 

l-SC. 2-T*W. 3-W4R. 4-ft«i. 5- 

-<^-^JT*>ji*tSffi. 6-#BttJf. 3 1. 3 3 •■■Si 
Sim 3 2, 3 4-32£ttlR. 5 5—T^>ffl*t 
8. 6 l-e»7V**. 6 2--«Slg$i&ft9*?K± 
S^J* K\ 6 3-7^^*-^, 6 4-#-f Aa< 
A^-*. 6 6 6-"(fcfifcfc0», 

6 7 -sO?-"? x.-7.M$®& 



[02] 



[03] 



[B-6] 



(c)tt*C 




ni» i 
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